I. INTRODUCTION
The widespread use of radionuclides in medical and industrial applications is steadily increasing, leading suppliers to seek out new production facilities. A reliable supply chain is necessary to both encourage new applications and to replace aging production sources. The United States, in particular, faces a domestic 'production shortfall. It has been a policy of this country to import radioisotopes from Canada and other countries. The lack of a reliable supply has led to supply problems at times that could be ameliorated by a domestic production facility.
Among the possibilities for radionuclide production are high power accelerators, either purpose built or alongside existing applications. As an example of the latter, a recent study by the Medical University of South Carolina [1] discussed the production of medical radioisotopes at the proposed Accelerator Production of Tritium Facility (APT) [2] .
We have undertaken a study to see to what extent existing nuclear data models are applicable to calculations of radionuclide production in a high energy, high power environment. We chose the APT target/blanket assembly as a typical environment in which to study isotope production. In a previous report [3], we considered the production of two radioisotopes -lSF and 1311 -at two
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locations in the APT blanket. We have extended that study to look at the production rates of 22 isotopes in nearly 500 locations throughout the APT target and blanket. In addition to the 100 milliamp 1.7 GeV proton beam energy assumed in the previous study, we also treat beam energies of 1.0, 1.2, 1.4, 1.6, and 1.8 GeV (all at 100 milliamps).
It should be noted that we have chosen the APT accelerator for our study as an example with which to demonstrate the possibility of production of radioisotopes at such a facility. Radioisotopes can be produced also at other high power accelerators, projected for the Accelerator Transmutation of nuclear Wastes (ATW) or for Neutron SpaHation Source (SNS) facilities, as well as at nuclear reactors. Our computational method is not limited to a particular facility and can be used to study production of radioactive and stable isotopes at any accelerator or reactor. For practical reasons, the emphasis of our present study is on radioisotopes.
We have prepared numerous figures and tables as part of this work. Space available in this paper prevents their inclusion here. Our 684 page detailed report on this study [4] , with 37 tables and 264 color figures is available on the World Wide Web at http: //t2.lanl.gov/publications/ and a limited number of hard copies may be available from the authors. Figure 2 shows the cell locations in a slice in the X-Z plane through the middle of the target model. We did not tally fluxes in the ladders, nor in the coolant pipes.
APT Modeling and Flux Tallies
Vertical Segments. We segmented the tallies into five equally spaced vertical segments. Color figures with cross section through the upstream blanket, showing the segmenting and further details may by found in our comprehensive report [4] .
The fluxes, and hence production rates, were greatest in the middle segment, decreasing towards the top and bottom. Unless otherwise stated, the results presented here are for the middle segment.
Locations for Detailed Results. We present detailed summaries of the production rates at four locations in our report [4] .
For each reaction, we found the cell with the maximum rate over our entire set of tallies, and the cell with the maximum rate over all tallies excluding the beam cavity cells.
We did not model any fixtures, such as irradiation tubes, that would be required to produce radioisotopes in any location. Our results thus assume any such fixtures would have no effe& on the fluxes.
Spectrum plots of the neutron and proton fluxes in each segment of the four selected locations are given in our detailed report [4] .
Flux Color Contours on Planes. We prepared a variation of the target geometry for display of the fluxes (and production rates) as color-coded contours on a plane [4] . We introduced 5 planes to represent the 
Cross Section Evaluations
At present, neither available experimental data nor any of the current models or phenomenological systematic can be used alone to produce a reliable evaluated activation cross section library covering a large range of target nuclides and incident energies. Therefore, we chose to create our evaluated library [5] by constructing excitation functions using all available experimental data along with calculations using some oft he more reliable codes, employing each of these sources in the regions of targets and incident energies where they are most applicable. When we have reliable experimental data, they, rather than model results, are taken = the highest priority for our approximation. Wherever possible, we attempted to construct a smooth transition from one data source to another. Measured cross-section data from our compilation described in [5] , when available, are included together with theoretical results and are used to evaluate cross sections for study.
Results for 308 proton-induced and 342 neutroninduced evaluated cross sections are shown in 109 color figures on the Web, in our detailed report [4] .
Production Rate Calculations
We consider production rates for the following 22 end product nuclides of medical importance [1]: lsF, 35S, s9,$r 133xe 22Na, 67cu, 89zr, 131(Js, 32Si, 32p, 67Ga, 95zr' 137cs' 32p, 68Ga, 95Nb, 193~pt, 33p, 6sGe, 68Ga, 1311 'and lg'5mpt+ To produce these nuclides, we calculate; neutron and proton reactions on 70 stable, naturally occurring isotopes of 25 elements in the neighborhood of the targets investigated (See details in [4]). 13s'139La For each reaction, we 1) constructed a continuous e'nergy representation of the cross section from the evaluation tables; 2). formed a flux-weighted average cross section for each particle flux at each location; 3) computed the one-hour irradiation end product P production rate per gram of target to each target nuelide/reaction product p radionuclide combination; 4) formed the one hour irradiation production rate per gram oft arget nuclide or naturally occurring element.
and reaction product p is found bỹ
The cross section atp leading to end product P is taken as the sum of all cross sections for the direct production of P and products p decaying to P. The cross section UZP for element Z leading to end product P is obtained as the natural-abundance-weighted sum of the cross sections atp of the various naturally occurring target nuclides of the element. The production rate Rtp (Ci/g-hr) for each target t -end product P combination is
where & is the decay constant (s-1) of end product P, T = 3600s corresponds to a one-hour irradiation, Nt = No/At is the atom density (atoms/g) of the target material, No is Avogadro's number (6.022 x 1023 atoms/mole), and At is the atomic weight of the target. At k taken as the integer mass number for isotopic targets and as the atomic weight for the elements.
Isotope Production Rates
Our Web report [4] includes complete tables for the production rates all isotopes studied, for all beam energies. Also, on the Web are tables that gives detail of these production rates, including the flux-averaged cross sections and production rates for intermediate products, and color contour plots of production rates for natural element target at a beam energy of 1.7 GeV.
Dependence on Position and Beam

Energy
We selected three groups of cells, all in the middle segment, to explore the dependence of the production rates on position in the target/blanket assembly and on the beam energy. Figures showing the variation of production rates with beam energy and distance from natural element targets are included in our Web report.
The rates increase with beam energy, by between factors of 1.5 and 5 from beam energies of 1.0 to 1.8 GeV. The downstream cells closest to the beam cavity are less sensitive to beam energy than those further downstream. There is less spread in the beam energy dependence in the lateral cells than in the other groups. Within the beam cavity, the rates peak at a distance of 140 cm. The rates decrease exponentially with distance into the lateral blanket. Downstream of the first few cells in the downstream blanket, the rates also decrease exponentially with distance into the downstream blanket. The flux-weighted cross section~~Pfor each target t r.
Summary
We have characterized the radiation environment in a high power proton accelerator and developed methods for radionuclide production calculations. These methods are readily applicable to accelerator, and reactor, environments other than the particular model we considered and to the production of other radioactive and stable isotopes. We have also developed methods for evaluation cross sections from a wide variety of sources into a single cross section set. These methods also are applicable to an expanded set of reactions.
Commenting on the feasibility and economic viability of the production of any particular isotope is beyond the scope of this work. Such information, which must come from experts in the radionuclide arena, will be a vital ingredient in choosing which cross sections should be subjected to greater scrutiny.
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